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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a small radiation loss 
and a stable branching ratio by providing an input waveguide 
which inputs light, two output waveguides which output light, 
and a multimode waveguide which is arranged between the 
input waveguide and two output waveguides and generate 
mode light. 

SOLUTION: The multimode waveguide (II) of a length L is 
arranged between the input waveguide (I) of a width (w) and * 
the two output waveguides (III) having a width (w) and an 
initial waveguide interval (d). To make the multimode 
waveguide (II) asymmetrical, a part of the core at the input 
end of the multimode waveguide (II) is made small by 5 and 
the distance between the core flank and center line is put 
back gradually in the travel direction of light according to a 
function a(z). Consequently, the phase speed of the light 
propagated in the multimode waveguide (II) becomes 
asymmetrical about the center line. Consequently, the peaks 
of a two-peak light intensity distribution appearing owing to 
mode interference has a difference in height to actualize 
the asymmetry of the branching ratio. 
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s§ t , mem 1 nxmrn b mte 2 r><r>m 2 ^tSu&b 
M#K»i»it**MLizm. mez^<nm2<nitmm 

js 1 Kena yjhkxmkk . 

ouaff^ij: 0 fc^hs v%c: k zw&b-t&m&m2 

MLXmfrbtchZo mf&* fxtz^bzimb-thms. 
m 5 izfmny»mXM»K. 

ffik iftlEJi? 1 W7t«WS<Ojt«*TSl<04>^tSl<?9jE^M5k 

n^s j: dflftssiuti k *%f®Lb-?z>mim 1 cbbs 

IB^JS 7 fcKSW) Y^dfotSftK . 

fflSrBt MEJi? 1 ^#$j£i^5tmfrflW4'£48^ffi£& 
k tfMEMtoSMb^ lfflE^?-*- V%m®M<7>& Pft 



U2) 000-121857 (P2000-121S57A) 



-mmb mew. 1 <ojtsi*K<?)3tw*i*i^4''Oi8<o®ft 

im&m 1 1 ] tirie^^f-^- ^^mtmco^r^cn 
-wmbmem 1 w^aaB^ift^rsito+'C^eogft 

%&zm&ZtitcZb&^b?&m3m7ieMe>Y 

itmm 1 2 j Mtev/HT-qE- k^ssk^tsb^ 
-tpjffik mem 1 w^^ssw^iftfiTftKo+'C^w®* 

*StOgggiA { AD^<otiiDtcl6]-7-CRa i s e dS i n 
ttfc** < «r* J: fc SrWStk-r&fftjfcil 

[ liS#JS 13] MIE 2 rxrM 2 « ftzg&S&tfOAP l=J?r 

%m<7)*y-bv b$:tt5--rzz:b&nwibi-&%pim7 
Fjmmmbcomm&coziTim<o'j?%< b hmmam 

wtb-r&m&m 1 ^laKwY^ngjt^^K. 
[ m$£ i 5 ] miie^^^^MWt-jS^ & 1 

«f«k-r* Wf*JS 1 4 (=E»<0Y#«bl9»*B. 
[ ff^JS 1 6 ] itSfeJfS 1 OjtS^B b mile v/Uf-^e - 
K3tag«B fc (O^SgPco^ji^gPti . Mem l C03t3t® 

m^xmtLxtcZixh zb&mb-t zmmniizm 

[IS^IB 1 7 ] ffifEvyl^-*:- Kjt^BcOttJPSP^ 
ffirlEmiW3fc^jft88W3ttt*-|6]C04>'CmcOffi^«- 
ft L X ttfr b £ & J: 5 filfiK S tut - fc S: ttft i: i» li^ 
IS 1 4 {clEtK^Y^-iiSS^SB. 

Cli55RJS 1 8 ] ME^^f-*- F^jfiBcotHPSR^ 
*>\ mflE^ 1 W3^jS8&<03tii*T6K04"0^cOffi^J= 

mi 5iz§eM<nYfi-t&mim. 

A\ mflESS 1 n'mteMe'imJjfaei'&'b&wmm&lz 
ftLXftmb*ZJ:om&2tifzZb£mWLb-f&m& 

mi 6tzim<7>Yftw%mm. 
[%mm2 o ] me-?)^*- K*siaB03T»<o 

k <?)SEBIA<3K«0)i1f Ufalzft LX'J?Kc< b i> -SPT'S^ * 
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[f^il 2 2 ] BUfEV/Uf**- H3(MI«B^3 T SP<0 
PJBh mm 1 <^> jK*«»^3t«*l^<50+'C«Oi£fitR 

[|fi^JB2 3] » 1 <0*8»8S»i: . 2ocom2^0^ 

. BuiEm 1 mumrn t Bute 2 2 
mem 1 * ffl-vm- vimm&tnm 

3Mlffi2o^»2^ti*B^ teSttfrT £ J; a fc. 
fflKv/l^- K3fc»«»<a»##ffitES 1 OjteWiftB 

[18*312 4] mi^SiSSSi:. 2o^3S2<0:ft»E 
%R . tWEfB 1 «W6W*» m IB 2 2 cDftmtii 

t m^h^ftnmzT^ttffo o . romies i <wt 

WiftB3&^*SAItLfc«p., MIB 2 oOS2(305t^aB 

i3J:Z/SS2cotf$S:W'ri>«t ffifEv^f^-K** 
»»^*a*8ylESS 1 c05t*»BcO*tt*-|*I^+'i:^ 
®^1(^LT^W^^^^^#W»Y^^ 

^jft»^»asn^^Y»«^»»*#^& ^ t 
^^ah-r^is*^24 chess mt& . 

[0001] 

[«w<Jo«-r&a«4Hff] Y»«3iai«B 

aV3tiKHIll»*cl!W4fc^"Cft&, 
[00 02] 

t%Lx. mm±iz^ (#7 a) wjv/i^wii 



[0003] »*Y#tt3teS&«»4: LTii. tfttJt* 5 

S:J*o^»*Y4HS*W»Bt>»»fc J: oTtt£*-C& 

tvCte. r NTT R&Dj, Vol. 46, 

NO- 5. 1997. pp. 4 7 3—485 (IE¥ 
1 ) . $>&V^fc r 1 9 9 5^«^ffi$fiilfl^^XP^ h 
D^xy^Xf^^fl^J . SC-1-15. 
PP. 3 3 7-338 (IE*2) KiEUStlTV^. 3. 
^io^»»Y^tt**«HS:ffl^&^fc^«t^^^ 

[0004] SflcWfcti. h?# (IB5* 1 ) A*J 

— f£# (IE^2) Oflfltt, A* 
Scor3Ti(ig$rWl , 20(^ai^ffl^3ri|iS:*tl-e f <xW 
0£U ClOnr^^^it^l^L^o-CWl^^ 
W0(C#^(C^^f--^°^Bh LTl^&. *LT„ 

[0005] 

Mot, zixixeomicoffim&z*nt>frizi~&. w 
-h. mmcomt txmmLtz^m^y^^mm^m 

[00 06] I9# (IB*1 ) Iz&^Xli. y*hVV7' 

4 Fx 7 fy^i:WcW:, tti imfaW&<KWf$i<r>$t 
Bm^fclB (SW3/imaJK) 4:^6. ffi*W«B 

#0. 3%OT) (cfc^T(iit®W^S<»ST#l> 

o. 4 5%a±) xnmzbx±z<*c Y )mm±.<7)m^ i t 

[0007] (1E¥2 ) fc*JOT«, 

Y^^fflfflitSrK^. - 1 ted: ot^SSPB^Wt 
EBT-L ft * 0 »8t»jfc fc«rv U o tcfSft S ixT ^ 
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+h&*ti#t>h. zwzmmzYtoi&t: mi-tit. 

[00 08] 

[«H£JHWr*fci&tf>¥R] *BJBB^I«tl Kit 

4fc. ^^Y4HSb^«RB2lV*<xSrffl^3t3tA« 

[0009] WaLfc«*«^«poWHSr 
W8rt-6*y6fc, Y^«3K««[»^flcWiw-€-^«^ 

T „ vn^^E— F^F# (multi-mode int 
erference : KTF. MM I k^lS-f^) IY» 
«B1«*Bfc&BU CixSrfflv^T^WS^Y^iSSrffK 

ki>9*fl* ( 1 : 1 ) Y4J-«i4»feilTV>*3&«. ftttlfr 

ftmzmLx$mm9tzmb. tnmtf&j&t&zt 
ciot, mti%&tf'j?tc<£jz%ft®}t£Gt&im 

[ooio] *mmiizi&&jffifcYtt®.ft&%i 

£«£fcY$MB*«8«T&oT, C^A^*- 

[ooii] cc^*«r^o»««i. Witf. «w2rt£ 
tcj; ottH z k #£B#& . m l ii«N>»T4Ht£ixfc 

vyl^-^- FW«BoajPSR^iHJ: 0 <*f 
B^ffiPffi^S«J: , 5t/hS<'r&*ffi"ej>&. — *\ 

[ 0 0 1 2 ] 3MB^C«6MWNJ^Y#«* 
*»B<0JB!I»i, 3fc£A^&A*SI«Bk, 
-T& 2o<oa*W«B4: . A*«i£Bk 2O(50SB*SIK 
B^BKcEaSfLflGft^- Fjfcfcffctr* vA^*- 



[0013] aT&commt&kWit&mitf^izm 
<o&mtfm»mz$Mtti>£oizt2>. zcom^. ^ 

f-^e- h*S«B<03 (BIAS k OSeSi<7>^ 

ft£ . -e;U^- H^ftB^ffiPf+ifi^v^T^^^ 
-f&kJ;^. v;U^-H»ftB^3T85<7)— ffll 

^o8BKoS5-ft**v^^*- K»»B«0+HSS^Jt^A 
Pf+ataiPf+5fit-*5^ , C^S< 3 S:-g>J:-3*-UTt>i 

[0014] SttWCli, tflitfvA^- FWiftBtf) 
3 Tfflco— ffllH k k oSEHi** A Ufrh&U\z\*\-> 
XlEmm&mz±* <Zc&£ olzLfz*) . Raised 

**jftB<^AP<cWffi®^05r v h LX h X 
\,\ zcvXolzffif&t&ZtlzJ:*). ^I^e-KWR 

fc :* * t> ftttt* £ /h s < -r & £ k #r S & . 

[0015] *H»H^^ffi&^W»YiHS5fc*»Bi±. 
7tmm0B^»^fflv^Ck^T#^>. C^cfco&Tfc 
JfcfflHBli:. A*»»Bkia»^aj*WiftB<50BI«3E* 
Lfc^A^*- H^Btf3K*tt'rtI^+'M»«c» LT^ 
*tffck i 3 tLfctt^Y»«3ia»aaBS:* 

»^ y*«^*b £ m^-Sitx $mt& . 

[0016] C flic J: 0 . Jttffllife3& < ^*< Sffi^W 
J:b&*i"4^W»Y^®^^B&t/^tl$rfflv^3tem 

«0B£»4£fc#T#&. 

[0017] *H»B J HKJ:ntf . !RSt«*^ 5 5:<3cS 
35^Jt**^i^»»Y^^SWSBatX-t*itfflv^ 

/C7tmmillB$:t#4 C k ^T"# I) • 
[00 1 8] ft. IM&coWiWXte. W*SISftB*«2o^ 
v^&Y^iiS3^SiSBSrtoTSlHHL3t*^ IE(c:#< 
^!H^*»BS:*-f 4*W»B(=»LT fa*mW)X 

v ^* c k . 

[0019] feXT^. *K«c«*>6»HB^)ft*W*»» 

mzpi^ttiif, vmm^xfoh * 

[00201 ^1 <0»ffl«4s 3fc£ A#T4 A*»«B 
k. *SrtB*-r41Saoa5**«Bk. h?IEA*W»B 
k^^ai^^B^^(ciSS$^^ : t'- H*Sr« 
4^-*^f- ; e-H*WBk«:flii. mfie^^^e-H 
»jW#5K«l*rt^*'t*K» LT#J*»k h J: 3 ffi 
fifcSfifcC k «r«rakT4*S»»B-C*6 . 

[ 0 0 2 1 ] ft. HR»c3KSrr6|<?5*eai-*50T«. Y 
^HS^S^B(cfc^T. HuietB^*?Sffik^L^2c7) 
3tW«a» J: 0 1WEAa*«Bi:» Lfc* 1 o^lfcBK 
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&ftmzm~?&h<nxh&frt>xhh. 
[oo22]^2ii iftiass i mm<oYftmtmm& 

[oo23]^3ii mm i commcoYftt&ftmfcsz 
xm%i$%xhh. 

n^^-F^sBk^u m^x^mm%tmt^^ 
vmmst ommmz&^x ^m^^- k* 

fc * h x o ffi f& § *i <r k £ #a k -r & wl r -c 

S>l>o 

[00251^5(1 TfeSrA^-r^A^^S&ts 3££ 
HulEA^SiftKkliriE^l' 

mmztn&mmz&^xmm^ti'^- vm 
m^ymt^^h^co^^mmz^tL. ao 

J: 0 fc/K*i^ k Zimt*?h%MWi$&Th&. 
[0026]^, ±IEfl?IEA:fi*i!fc»k b?1Ev 

[0027)^611 *ft AJrf !> A;fi#feBk > 

ft*mmmmiz%mztiw.m<7)*- *^ 

;Pf"*-HJW«t^*L. 1ME^l^*-K**R*« 

B(cW!E^OtB*SWS»^*^ £EUfc£ fc *1MRfc 
[00281 ^711 mM^6(DYttmimimiZ&^ 

x. miAxmm%tm^>^*-vmmztcDim 
mz&^x%m^jutt-\tmm&&ffl&b3mi-&ij 

\tnco$&j)^m%lz^itL. jaoffilE^f-^-FSKSR 



[0029] »8tt. mi^3tS5tt»k. 200S20 
ftS«R k . mmm 1 ^Tt^iS^ k fulE 2 ocolS 2 <7)3£ 

ttSfu WlE^lcO^^klulE^^-H^^ 

mtcommmz&^x mm 1 wes^r^**** 

03CSKSW3&^*SrAitLfc«r. WiE2o<0fll2tf»KW 
»B<0** fcfcflELT ffllEa»*«-»»K^»**» 1 
co^fci^2e7)«*$r^§J:di-. mriE"7;^^-H 
3t^SSo^«^B?lE^ 1 ^S^SS^W^rtOCO*'^ 
«*M£K«fc:*t LT^W»?5r»«S:^rt- * - * Zimt 

[oo30]^9d mzm i c^%mmtmi^^ 

1 <^3fc«i£Rtf>=* T«$k SHre/l^t- F3K«ttR*> 
n TfgisS k ^Wlfflffl^ffifitWiS v ^-3cH L T v * & <! k 
S- 5f#© k 6 M 1ESS 8 tclEiS^O Y ^«5^«BTJ> & • 

[oo3iiRioit mi^ffi&nnmizmch^ 

d k t #S k f * hu IE» 9 (cEttO Y««3e»«H"C«> 

[00321 ^1 ltt. OTE»l^aS«B4:WIE^ 
^^e- H7t#^Kk cote^^TjS^gWi. Mlfim 1 <o 

SS(c«oT^bLT**tL&ikS1#ai:"r6WIE« 
8 {CfEffl^ Y*«3S»*»"C* S . 
[0033]^12li, gl^SWt. 20(50^2 
03t^iSS& k . mmm 1 ^3t^S8 k 1OTE 2 ^<^^ 2 ^ 

su huib^ i eoaewaaBkwiE^^^*- Hjewaw 
k co«««<c*5v^r wie» i cr>%mm&<nftm<m£M 

3SJK^0S 3 fl:«>2o<0ffi^:ttS:*L. 31£2o<7)fe*:{fi£ 

^ W»k =5: -S) J: ^ ix^c Z k Sr^k "T ^> Yttttft 

[00341 ^1 3tt. 3t*A*-r&A*SI«»i:. 3fe 
SrUtJ^-r^ffiSSceoaj^SiSffik. friEA^*«»k1ga 

7/W-h'W»l:t*L, «fiEv/Uf-*-h*WiR» 
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[0 0 3 5] SI 4(4. jtS A*>"**6A*3«ftB*: . it 

^/l^*-FW*Bfc«r*U WE«Bt<oaj*iS»«B^ 
tM2v;^t-FWiW#^ 

[oo36]gi 5(4. #*A*-r*A:MWBi: > * 

^/U**-F*«B*:S:*rU BuiaAzft^BkflylS^ 
t * 6 J: ^ fltfifcS flfc Y#«&teW«B**"r ft CI 

[0037]^, mi£Lfc***»^N«»t»<oai« 

[00 38] 

iz. i-f. aMB»WTfflv^6^;l^-*-FT# (mu l 
t i-mode interference :MMI) 
SlYtfiftfcovvcje^ft. VJl'f-*— FWftBSJBvvt 
Y»««r»KW6»fWi. Hit*. IEEE PHOT 
ONICS TECHNOLOGY LETTERS, 
VOL. 2, NO. 6, 1 990, pp. 404 — 40 
6 . h h ^(4 1 9 9 4 *£R^SS 5 5 EKffllW^^j 
!i«t£ff§ig^f8*> »3#fllk 19P-R-2. p. 9 
0 8fcEttS<xTV^. ^tl^il Wfc^ttjfcSKSB 

Jtl : 10«»YiH»T*4. 

[0039] MM I ffiY4M85fc*«»<OMfcL A^i& 

b. v;k?-*-Kiiaa»». at/2o<^a}*ss»B&^4> 

£OA*»«B£fs»rft^*-F3fca*. 

Fg&BSPKASff ft v;l^^-F*iftBS 
KfcwtX*^- F# ( n * 0 ) tm<X^- F36 ( n = 
2) *<*£U H^-F^fflflaaaifcJ:*^**-^ 

0 . 4HSttl : lOWflsY^ttSrWM-riii:* 1 ** 
ft. 

[0040] ;^J:35:MM iiYM^, ^^Lf 

Sfll (4 A*) &&B £ *>(Mfr t> A x *£ It -f j£ . 
( 2 ) »2ttv;Uf-*-F»aSB«BSr4>'C«(-»LT^ 



mtt^M, ( 3 ) fB3*iifi**»»»S:4>*«fc: 

[0041] jfe-f . wao»3^jrffi-cw. -e/u*-*- 
f *«Baj :&asrc£ £ h +'Mmc»»& 2 a$te<o t - a 

[0042] acfc. na^>jBi^)*ifefcot^T«ttL 

fc. 01 l«c3rTJ:9«:Y*tt3teW*»«cov^T. t- 
Agj#*£ (BPM) SrJHivC. #^gf«fcm*tttKL 
fc. Bl l^Mli, AflSBfcB ( I ) . ^ft-H» 
«B ( I I ) fcitf 2o^ffl*W*B (III) 
S<i^Y^liS3e»«K<7)HB&^*^ffil2r*&. 

£<> P0 PI" . P2' l42o^a±^ 
®i£B (III) O*«^aj*W«WT<05K^«ftS:^ 

JiA^^Bka***^***^)*. *fcdtt2o 

tt» ( I I ) <0A;ftSU 9<0KK£^U z = LsoffiK 

**as*««B din oA**«offlats:*Lr^6 # 

(4«.ftMlcfcltft . 3fc<0^— Ft«3StWfc*LT^& # 
X. QKc r^v^T— ^«S«»»Bco+'t«S:*LTV^ 

ft, ft. i&coftmmm^mmKtiz&ii&tt^mi 

[0043] 3^^ftW^f1««^«f*S:H3fc^ 

<0*C&ft. EP*>. ^fL^{4. 3R3iai*B^3T»tf)ffl 
jffWl. 5 2. 37t^7 7H^)ffl5f*^0. 4 5 
%. A£B^«EiftBiH <w) *«6. 5jum. atS^SSSBia 
ffi (d) ^3;um % ^/Uf-*— FSKWMB* (L) #2 

11 3 (4 tB* wmM<n v ^ ^ - f mwitsn as □ ^ 4> ^>SE 

H4:#ai*SI»BO*^<V— coffli%&7f;*tmX'fo&. 0 
3C^TP1* . P2' (4. ±IBfMBtt*fcJ:**ffl 
^^B^^^-Sr^LTV^. Pl*>«tt/P2 

^mwmz^^m^MY^^mm^x^^ 

B^0^^V-S:*L"CV^ # ^fi(COV^T<4f^"r^- 
[00441111 «C*Lfc^»«®Y»tt3WiSU»^> 
2o<^aj*»iftBSS (III) -C#3tiS« (t^^V-) 
PI' , P2' ^\ tB^^&Bco^^^- FS^BIS 

^ffi**«a»<50iaPB^HK^» LT A^ < - 
F ( n = 1 ) #?S£U CK7)^-F ( n = 1 ) kffi*: 
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(n = 0) H^W£tTt**fc*«:*i«l 

( I ) . v/Uf-^-KSK&B (II) &J:tf2o^tti:fi 
ag&B (III) ^SttS^fcY^i!S3K*ift»T*IB» 

[0046] *MT»4. S 1 JCigw<OA:fiS«ftB ( I ) 

I ) tcomiz^ LOv/Wf-^-FSKftB* ( I I > 0* 
KESiiS. SS2tc. v/l^^- F**B«£#»SMK 

WMh+'C«fc^HOlSl«^0^)lillfRa (z) fcLfctf 

»igB SrfiHW £ *^«a*^4«'t*fc» LT#*t» 
f: =5: h . Z (Dtztb . K^-CSHx* 2 **tttf>5fc5Sffi 

[0 04 7] H 213. H1C0JB®*C*5V^T. FT# 
idle. 3KSIflEP0"CA**iftB ( I ) ZMi&Ltift 

-e/uf-^-Hsaasffl (in i^^rt-HW 

»t$:9> ^-e<i2ocoaj^»iftK (III) (3^./? 
1 &£1>'P 2 t LTf*M£il£ • 

[0048] ztDXiKttmitt&YftWimikmz 
ov^t. b* - £>mmm < b p m > zm^xytcommzm 

»LfclS*S:P l*$J:tfP2i: LT*-*". H3*^Jifil 
SixSidic. 2o^tt5^W«8&^«-3t3SK 
-)Ph P2»4ffi*S*^^;Uf-^-H»»B»ai 
P^coBBizicWLTfciDSKb-ti^. 3c«Lfc#tt 

2o^ai*W^^^tS!BS<xTV^fe«>«cEB^» 
iftBWWCS*-- H ( n= 1 ) 0)8£.tf9tmZtLX& 

[0049] iMwimsMzm^z lx. mztm-t 

fcSSES Lfc4H*tt*WaT* &*arC* SCt S jam L 
fc. 

[00 50] KSIttB«oaiafct$^T**< 



- KSKSB^iStt*- F^mzXZ 2**tttf>b-?# 
Ct~&l>*<&2 U\ e^fc^icti-v^^-HaciftB 
LTMfMdKJE LX < M&tfb h . 

[oo5i] zLti^m^mrz-rmmt Lx\t. Jta 

OHK 02 coffin. ffl£tfl25H27^v^o«i& 

ns<>fflv^»i. H5—H7(4, ztiixcommtmm 

A2j»«B ( I ) s ^/Uf-^-F^&B ( I I ) *3 
ilf 2o<5oaj*Sltt» (III) aW«««*i.fc*WWH 

& y »i«3K»«bo«ib» s: ^^mmxh 

Kfc<0#JMMil21. !22t|5l8ltU ^oTMnrt 

U . * ^ W» Y^«*#iSa»^ffioa«M £ 

it* 0 . ^f-*- KS«B^+ia»^"C±ffl!l3 

[0052] e<rt\ ftmtz^mwzimmkLfr-o 

m^%Yftt£*m$tt&fzbhlzii, ~?;U^-vm%L 

AU aSPWar«i^L«^»LT*^*»3fi*ttfflL 
fc**«SV^ ^K^/Uf-^- HSIftBS^ttSPftifiT^ 

ktznz>iziitmThz>. 

[ 0 0 5 3 ] ED^>. *H» B ^^)— O^JKSii. 5t$rA^ 

OTaA*w«Bti^^as*^B^ra^ffi»s<x«R 
ie^;i^t-H**B^3iM*m^c*ic»LT^w 
sco^ b- ^ i, iftjwcmieffiR^as* siaso* 

[0054] 5g«-«±. ^IWft^S'J^HWi. ^^rA^l 
■^6A*»«Bi:. 5tSraS^-r&«a^as^*iftBi:. 
1WeA*W«Bti^^a5*^B^iaii-EB*<x«BR 
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a (z) = a a v e — £/2 cos 
fBU a a vettv^f-^— KW*B^*'t«J:0W 

a (z) = am i n + £ [z/L 

ft, am i nli7/W-Hi^^*t»MS:fifO 
A*«8<-i3«t&3r^ipaT*>«>. (ami n + 

[0059li4it 37ltt5:Ra i s e d Sin 

»«ic«(b?*fc*&^«Jt (pi/p2) tttitm 

«tt«^;^^-F*«B^A^«a«-*5«t&3r<7) 

gmf/Kini {c^t* t>^"ca>s* ffl^ft^-^ 0 ^^— 
ii$*wjRB^3r<7)Ja»f*^i . 5 2 0. nr 
t-^y v Ynmy&mtfo .45%. A£B*«c*»e 
(w) &6. 5 um. mxm^B&mjn (<*> #3/* 

itu ^/l/^-KWiJaMW (L) ^'2 4 5,um<h L 
ft. -eLT. *aB^)4>44»*»^3ri:^9y K!:<0* 
*IR4Tc0BEi«S:±ie^2T^2bSix&Ra i s e d 
S i nJBttfcSEfcSiHfc. «I<?)I14^^, SSrSMtStf 
J: oT^ttJt** 1 - 3 JaLb^fl;v^KHt«oT 

0. 3dBaTt4^^zm®?&zt&&m$>. 

[00601 18a, i8bll *tl?i\^mU&h 
SfcWfcfcL H^Lftcfc^ ttS^StiSB^Aa 



000-1 21857 (P2000-121857A) 
it«tifi^W4KHtt. S«^U«-H»ttBffl^ 

[0 056 1 tfcoT. ilC^tctoC. _b(IU^3Th 

L<(±*2T3S*>3*l*Ra i s e d Si nJBttfflt» 
[00571 
O (z/L) ] sSl 

(7)ipS s a a v e -I- <*/ 2 A^jPf-^E- FW*B*>ll*lffc 

[00581 

L/ (2* ) sin [2tt (z/L) ] 
5fe2 

h #»b«<o tis p -esm h *&<o tr- ? h 

[006 1 1 08afcia8bcOfltJgOVi-t E <xS:Sffl*t& 

Mi. *»B^a»f*fcSK^B^ajpwisa»^ft* s 
mt u ^ * iz&& mm&<om^\z& <mmzti 

h. 4ft. *77^ 7 (08 a*S^lii8 b 

\Z&fth*7*iv hb. c<0S^) t»«a»<7)a»f*fc 
aBfflKSB^aiP WftB^tt** 0 4fK iotft^ 

iaO. 2Atm«t01. 5/xmSJSOlEH*^»tfiX&C: 

[00621 JiEfflraEA*»»Bfc«Kv;l^-* 

[006 3 1 £ix4r<0Hl. 12, H5. 06, 0 
7, 08a, 08b, 09a, 010b, 010c, *3 
il/ll i(7)»H(c*S^*«««B^«»JBtt^ *H 
WJcft»S^*»ALft««l^^®««^»^*^ 
t^. MiHf. A^Wi^fcWiE^^-HWiftB 



:(9) 000- 1 2 1 857 (P2000- 1 2 1 857 A) 



[0064] hi 4i,t*m&mzi&$,3mfoYttmitm 

ttfck i,xm Ltzw-mmx'fo h . mx-co&ttmi 
zixt Tcomm^wmt mmx-h & . \?imm& 1 
t •v/utt- vmm§2tfz = o <7>{asTig*isftT ^ 
h. mi 4t-*j#7 tLT^LJtftiggp^ti. mi 

* 0 SKh&«ilCfirtt(c J; * - b tiS 3 4 ? t 

c o o 6 5 ] 4-. ^ss^TSPc^K-r ■& t „ mz^<r> 
*jjmw& 1 1 -?/\^-^- f#»k 2 1 o««aw>ft» 

eofm^n^izii^t iflJWfU. 

<ti> flnmasfwcfr* u . - <wmim 
- Fmmj^m^Tffl&bwnfflffi (6,5) uiuc 

^OJE^a 1 0 fc F T««<0ffi«» 

2 3^^£fftfr|6j<504»'C^tc*t LT^Wfri: 3ri> X o ® 

[ 0 0 6 6 ] HI 4(iJt««SPX»S<0«oWS:^ LT 
*H«Bj^|6i|rt-6 < it»i^rfi8-Cfc6. X, Jolt* 

mzx t>-m i4<r)±o *m&m&rbz. 1 1, s&tt: 

tt£ft*T*<^ftB^ffiBfcH«T**>4. AJlSMftB 
1 fc VH-?-*- H WftK 2 ** Z = 0 cO&WTtmZtlX 
^6. Si. HI 5Ti^7£ LT^LfcftSSMMi. 0 
1 4 <h |5|«tc . fluie^^- FSHftB 2 #ft«fcfrl*K0 



6ffi«£^LTV*&. 01 5T^A^&B1 4:-?/^?- 
^-F&&B2cO^£3f^£^L*/>\ aK5K*«B^ 

^M^TpIiSt^HKI® (6. 5 ) teL ^^Otg^Sr0 
Bfc H»«B^«gE8P^)M=iTa«<50fflS 

BB*w*-r * m<v&&&x<om m t ^txi lx v ^ 

&• 01 5<0ff*-CUU A?]»«»^37»*^)lfiKl 
3 h -7/^^- h'^ii7)3 7S«MWM 1 4 

[0069H3 Ltzmmm^Lx t . snKBn^ 

oTSHt-r&igJB^*)^* ^«B^«# (A) 
A 0/nT'^^iXl>. <r«IT\ A OWKS+TO 

[0 07 0 1 SC, +»t*»:^-KS:a«LTfiaife 
&6»ttS:f**(itt. <r^>l 0tt*^SK*iftBrt«0* 
S ( A) ^2 0«felTt=5:'r^»*L^ o 

[007 1 ] HI 4fcJ:tfI!l 

m*ium£*)2 0umn&x*hh 9 v;^*- 

KSKRBO*Stt, I^OEliift^t^, «fel 0 
O/imJ:04OO/>tmgJK-CAS. ^^T. ±a>t^^r 

itf. 01 S^Lfcittt^S^rira^tttW^^W 
*c*5V^T ^> s IJieA*««Bi: luie^f*^- F**B 

ik*&t%x+ttx*$>h. 

[00721 tUt. *B»W<OSIJ8^K»H8t:ov^TK 

[00731 ( 1 ) m ltt. *t A»-*"4A*S»iftB 

3tS:ai*'r&2o^aj^SSiRBi:. n?iBA*»ifiB 
4: 2o^m^^iSB^StcKS^fl1iiS^) : t-- H5tSr% 
S^f-^H^BfcSrWL. HuiE^^-H 
^B^Sft^^+'C^WLTP^fc^^cfc 
«$iifcik&^4:-r63KW«Br«>«i. 
[00741 ( 2 ) »2«L fraa4"C«T^»4>ilfcm 
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h mtr?)Vtt - H mm<r> tB □ SMhoH <k 9 1> 'h S ^ 

£k**stak*ftffiJi ( i ) fciEiwwiiHWWtr**. 

[0075] ( 3 ) »3tt. l9E+iC«"C#*tfe*ifctt 
6mfc?!l+*- F*RB<oajPSMhO«J: 0 fc'hSv* 

£fc*«rt»i:-r**PB<i> £K»^*w»t*&. 

[0076] ( 4 ) SS4 te. HUlE^/Uf*^:- K»»B<0 

»jSS*ifcc:k£*f«k*-S«PS (DiO(3)W 

[00 77] (5)»5«, 3K£A:»-f &A2jWSeB 
fc. Tterm^-ri) 2o<7)fcB:*J»SBk. HuiEA2J3SiSB 

£^*v/Uf-*-K»*Bfc£WU ffllEv;l^£-F 
SKftH^) 3 TSPOfflffi k 4"1>I8 k ^SE^^fr^tfi^fa 

[0078] (6 ) »6tt. "MIE^'f-^HWjftK^ 
[0 0 7 91 (7 ) »7ti. MEv/^f-^-KW»»<0 

=?r^^-w®^ +£«k^rai*53Mfc* s * mria^^f- 

F *??£B^ ft □ tfififc: & ^ MPW 1 k * & «* ? * * 
Srt^£k£«&ki-*1BPI (6) K:B«^MWW»»"C 

[0 0 80] (8 ) SI8«\ iiiJiEvyl^^-FSKftB'O 

=? r Stf ^— (BJffi k k <f) ifEK# A nfrbtiini,z\inr> 
x fr^mmmco^ittfmfr?^*: - f 

»«»^*iaa5^jt^APttifii:ajp«-ffit-*3v^/hs 

[008 1] (9 ) l*S9te. ffiRv;Wf-*-FS«Btf> 
n Tgff <o— (BIS k +'i>t8 k <D8EWi#A P^feffiPtcrfijo 
T IE3£ PSIfctf K:**<4rftJ:^«WlS*ifcifct«ttk 

[0082] ( 1 0) m Olis flflEv/I^E-FWi£ 
Sgco r? r BIBS k k wBBH&fi A P $> fcB P fc: 
f^joTRa i s e d Si n mz±% < t£h i dAt 
ft*:<rk£*#iak-t&fiiPH(5) fclEK^t^iftB-C* 

[0083] ( 1 1 ) » 1 1 «> MIE2 o<7)tiS**»B 
c0AP^»fffi«^*7-fe »y F *ftW* - k SrWfiik-r 
SliPI ( 5 ) J: 0 ( 1 0 ) W^tifrlz%mcoftmi&B& 
X'foh. 

[0 084] ( 1 2) mi 2«. #£A:&-*-4AaS*» 
Bk. ft£ft^lTI>®S^ft;^«Bk. *riEAfl*» 

Bk«fa^ai*»i^^ia(-iea$ti»^^ffM^& 

37^77 F^3KWSr|pIO*ft*l»k +'C«k<offi«# 



[0085] (13)JB13tt. HUf23Tk7 5 vF« 

(12) tlBBW)3eWtl«TJb*. iiffl* 
iff m£ *i>->X KBSk ^ixh. 

[0086] ( 14) £514^ mt^TRtffyv F 

t^hmm (i2)x«(i3) tzBUPtfemwirc*> 
[0087] d5) mi^it^mwm^^-th^ 

ms&x'foh. 

[0 088] ( 1 6) mi 6te. #£A2l-r&A*J*£i£ 
Bk. 3fcSr£B*-r&2o^ai^*«[Bk. HulSA^^iS 
Bk 2o^ffi^^&B^tiffiM^ix : lS^^-^*^ 
f££lT&^/H^-F^Bk£^L. buIEA^&B 
kME^f^E^ H#«Bk^*«»fc:^^T Stt^A' 

h**«Bo5tw k xm- s *-i8fK0(n*^aa«fc:SE 

(c»LT^^k**J:d««S<ite-k«r«ak^ 

[0 089] ( 1 7) JS1 7tt. 3tS:A**r*A*aKft 
Bk. *Sas*t"&2o<50tti^*aBk. b?1£A^^ 
Bk 2o<7)£i5*W«B^iatEH§*i«»^ : £- ^'^^ 
«t-r*v/Uf"*-HSIiftBkS:*L. mieA^W«B 
klJIE^^^-HWi«Kk^*««K:fcv^TSiS^ 

-ft L . jaomiE^H^- HSRftB^APa*^* < 

PfiWhoS J: 0 fc/hS k *W«k i-*3tt»iJ»T» 

[0090] ( 1 8) mi 8^. %^XWhKhW& 
Bk. 3t*tB^l-r&2o^£t5*WiRBk. MIEA^I^ 

Bk 2^co\ti^m\mcomiznm^Mm^- vft* 

KajKB^tt^l^^+'^S^** ^»»k «t "5 
««Sn. HulE^^f-^-H^BT^ISSc^f-^ 
*Wt€>fflSt-B5iE2o^ai^®iSB^#^ 
kSr?#ak"rS3te»aBT*«>. 
[009 1] ( 1 9 ) JB 1 9W. !9IEA***Bk uulE 
-eyu^^e- HWJjU»k^)«»HBfc:*j^T M^^^- 

fiomjlE^/U^^e- H waa»*<*liirtrm<o4«'i:«K:» L 
xntttok KchXd ffi&ZtLfzz k Srl*ttk &«r* 

(18) tclE»^)5K»«BT2b4 o 

[0092] (20) »2 0«. 3tS:A*-r&A^»5ft 
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mwiM<n&« <n\tiftm%imzn lt ft t:- ? 
[0093] (2i)*2i*t mzAX&mztmm 

w ^ - H ^i£S8 h ^iSSSSt *3 ^X M %%r?)V* * - 

(20) (ciaBi^jiaiawc**. 

[0 0 9 6] (2 2)"»2 2*i. A^WaaSfcWR^ffi 
cD*>bmzttLXlffifct%&3: 3»*Sftfc*W»Y 

[0097] (23)^23 tt. IWB#^Y#«3K* 
»8r«ifc*l k «r fitPS (22) tciefc^mmtfllBT* 

[ 0 0 9 8 ] mz, wn<r>mmmm<r)m*mzmm-t 

[ 0 0 9 9 ] 09 ( a ) *«HJifcffi6#»»Y 
aWftHKO-MSr^TTfflia'C. 09(b) «H9 

(a) x-coA-A' mmrnvfoz. latfew-a*^-* 

-?t,±Ztl£XW i JlLtzi><7)tm&X'h&. 19 (a) 

[0100] Si$^*t»Y^iiS^iSife8&^3t*Sa 
VWt&DX'foZ. 4iT. ^'j7^ffli^^ftY#e 
^il^J^^cJzoT^fi). fiP*>. S i 4fcttE3l 

t^-?tz&*)&Lx. mmmz<nmmm%&j8rt- 

h. Zl -5 LT . Tffl??-y K9 2 1 Ojum. SJfi- 



(t 1) )00-1 2 1857 (P2000-121857A) 

; «1. 520) . 3793 (»S6. 5//m. JS^fV 
1. 5 27) OTRfcSflfc. »ac, i-5LT»«Lfc» 

; = 2 4 5 ju nu d = 3 . 0 jum. 8 = 4 . 6 umfi' 

h. mz. ^tu^mmmT-jjcoaTtfyvvcDm 

Raised S i n^ttT'S-ftS-frS. * 

5 2 0) tfBfSLZtih. MrikM%# l J^ttnt LTte. 
7 vmttfV 4 5 FSrJflvvfc. m%7 "/WCXV -< 5 H 
i 7 -y JlWfc**** & £ k fc: J: 0 B«*«Wt**fe 2 

^ isyyizx nmmmmztmL. mmz^yr^ 

> ^O*S*»Y»l«e0*«EJtWl : 3 (±0. 
[ 3 ) TSffiLfc«3&«»feilfc, 4 ft. ZV>A7V v9 • 

*y a -/^»w«*fc o. 3 d Bk>hs*fi#»i?>ii 

r 

; [oioi] zcox o K&mttzx ->x . ^mzm^x 
i Lxh. zwmiztebtmm^ ^ssa ljws v * 

[01021110 ( a ) tt. *«^BtCffi&^«»Y4J- 
i B5I2T*>£> o HI 0 ( b ) tiAgpcOJS^H. H 1 0 

> (c ) teBfficoj&fcia, mi o ( d) tic-c* BTffiH 

t?>l>o 010 (a) <50fi?(«3K3»iSBS Sr^lfflHftl Srffl v ^-C 
KUJtfc^ Z. a L/ctelS^^Jh LT . 

t LtemMmmfcmzmmm^&zttf&&&mi£m 

: [0103] MflsWtzti^ttJt^ 

1 : n ntefi&ST**) . Witf 1 : 305 

3l3R8Kft»*^rU y^Sr^LTV^, 010 (d) 
f JLfeiiSiafc:, 5ISK10 0 («»r*l ■ 460) 
±IC. Ge^H-7LfcSiO237101 (/SS6. 
Stff^l. 4 67) *5kift«ISB6f:«l»fc:J: o 
k TiStt^o ZoLxmmLtzmkUzyxh-i^ZWi 
X IfX F^>f x 7 fym^^^J:0, ^TlOUi 

I *L. *M«ti^t:J:otS i02±S?5«y K 1 

0 2 (H$20jum) SJgfiKfS. ZZX\ 010 
f (a) ^4>fi&Affltct±. HWSUBfflT— 
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tCWtLfcl : 2»«»Y»tt(w=6. 8 jam. d = 

4. 0 jum, L= 2 5 d = 3. 1 jum ) £ . [a] 
«fcB«fc:tt, WWftMIVl ISY^HS (w=6 . 8 
jum, d = 0//m. L = 255jum, d = 3 . 1 u m ) 

mfclfcW-SiljfcU:. 5. 4±0. 2dBt*J. * t 

: 3^^r^c0i@f»]fll^^0. 2d 
B £ ffitlifer *> !> £ t jWBE S fifc . 

j^®ti4J£K>L i N b O 3=fl:^cOfl6^«S*>* VHi 
«"C*&. 4fc* *«H^(ci&^^Y^«3ia»»BS: 

m^x^m^m^J^-^fm-rhztizx^x. § 

[0105]^:, *H«qBS:fflv^3Kjim8IE^OTS: 

[ o i o 6 1 hi 2\ t ±*mm*j\m\%mm\iZ\&ir>hft 

iZTjk-tmX'foh* HI 2fc*5Wt, !A230i:lB2 
4 *fc-F*U d*Sr<i:fcaHl» (20 5. 2 0 

6) . Sm» (2 09. 2 1 0). fcit^r'J-/** 

^^.-^ (213. 214) z^-f&m^mm ( 2 1 

5. 2 16) ;A<Rf't&*rtO&. *>ttT t>. v 9 

^isjL-jir (213. 2u)n *m$tmzi&&im 

Y^tt5t»«B« - ftiT^SOHHWS Lfc^Jt» Y* 

&Ti>%^t\ z z x^mw Yftt&xmim t « . 

[0 107] ^A. m&comtE&20 5. 2 0 6U:. * 
*^3r< tSB»SlB2 0 1 *5ir/3taR2 0 2 SqfirT 

S* -?J. ^Bc7)Sfi§s2 0 9. 2 1 Ote. 

t ta#S2 0 3*5 J:t/«IIE1B 2 0 4 £*nT 
S3e»2 0 3^«ii«7*h^*-F*«fflV^n 

So 

[0 108]fiX/'j7^^^-;M2 13. 2 1 
4 ) <0ffiffifcU*:7:M A- (217. 218. 21 
9. 2 2 0. 22 1) mWLZtlX^h. ffi* 
7'j7^ya-yM2 13, 2 14)«:3£7r>( 
2 2 l*«*SflT^&*«. gE^^tc:/EbT^7 7 



[0109111 2<^fllJ«<!0a*»fttt»:O310T'ft 
So HA2 3 0<0i»«»2 0 5k:A*«fl^ffi5Wl#2 
2 2«ffliS0B2O KCct^T. OTitf*»iHS3H. 
BSMI-f \iZm~3\ ^X %M 2 0 2 «c J: T 2 2 3 (C 
SSI£ixSo #B#2 2 3«SA^f««;Y^ilS3tt«» 
B2 1 3£aaU 55fcHfawl£eaM»2 1 
So ZLX. «BfcA*Sii*3ttffi#2 24tiHB^ 
W»Y4MS36S|EiSa»2 14tloti«Bi»«8ft 
So ZCDft. ftmt2 2 5t^B2 4 0C0gflg2 1 0 

^§7tas2 0 3tcA^$ix. £.iTii»«#Ksaiis*i 

So £OK»&*ifc«*» J fWS««2 1 Oco^imffi 
T*Pi£*xSo flfcfr. ^MYMMW2 14^ 

fI^ll^^^§^s^^®lf:^M^IS^PJl^J^$ < i 
commttzxhmffif&tf'tjmxfoh. «b24oh 

ixSo HB24 0J:0OjSeffi#«2 2 7. 1A230 

v<7) s %mm j %&2 2ax'foh. 

[0110] &mi f z&^X$m%Z.b&, S<l*S:*fil 
*Wfc«&*^Y»«B6»i^SrJB^T. «i«Htc 
^^=5r3t«^t LT^ffi-rS-fcTASo 4c»K^(cA 
*^«»Y»*SBfc»aBtt. iii*Tt:«rv^*=fir»* 

^fe*B«W^&^^Y#tt^JftBtti "3 L*7fc 
yXf AcoaS^T tffltfc 4 • B5ia^»»Y^tfS 
3K9KftB 2 1 1 (Dftt&itZ&mmMz** < ZzhXo IrZ 

mfe't&ztizX'ox. iKaa^^v-tts^i. 

H^Xr^SrtSSc-rS^h^ai^So 

[0 1 1 1 ] HI 3tiHl Ot^L^3t^a®B3 0 0 
O5BfflL^ptfEJ^5lffi^OTS:^t>c0"CAS. ^1^ 
8M3 0 1 «*B»HB^)«S^f»»Y^«[3KSiaB. ^ 
2 ^^tfSSB 3 0 2 *ia«<!0«» Y »HS^«BT* S • 

[0112] £^##«EIBtf>» 1 ^iSfflltCti^f*: 
U-if3Slffi«t 0O*fI^3 0 7^ 1 A 
^j^ilSo SSlO*ilS»3 0 l«k»3^2^«SB3 0 2 
HJ:oT^$fL^5fcfi^3 0 8^. mz. W>2<7)% 
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